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and has wireless communication with a plurality of
mobile stations. Multipath fading is substantially re-
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plurality of mobile stations. The combination of the PACEET
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at both a base station and a mobile station results in
the selection of the best propagation path between
the two stations.
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Field of the Invention

This invention relates generally to data commu-
‘nications via radio, and in particular 10 the problem
of mullipath fading. Specifically, a combination of
antenna diversity techniques is utilized at both a
base station and a mobile station in a dynamic way
to mitigate the effects of multipath fading in the
data transmission process.

Background of the Invention

In a mobile/indoor celiular radio communication
system, a base station usually communicates with
multiple mobile stations and functions as a bridge
between mobiles and landline networks such as
Local Aréa Networks (LANs). One of the major
impairments in this radio communication environ-
ment is the multipath fading phenomenon. Antenna
diversity techniques have been used to mitigate
this muttipath fading phenomenon. Howsever, sither
transmitting or receiving antenna diversity tech-
niques have been utilized in the past. These tech-
niques have been utilized in a number of patents,
each having certain advantages and disadvantages.

U.S. Patent 4,761,822 to Maile discloses a
burst-mode two-way communication system in
which a plurality of transceivers at a base station
share a common antenna arrangement. The com-
mon antenna arrangement consists of a plurality of
antenna branches and antenna branch selection is
made by an operative base station transceiver with
regard to the received signal strength from a porta-
ble transceiver.

U.S. Patent 4,953,197 to Kalwell, Jr. et al dis-
closes a spatial diversity system in which a post-
detection selection diversity scheme is used. The
selection criteria are link quality, AGC level, and
parity check errors. The main emphasis is on radio
telephone communication applications.

U.S. Patent 5,065,499 to Gordon et al discloses
a switching antenna diversity scheme in which

. each antenna is coupled with circuitry .to measure. .

the instantaneous and average received signal
strength. Antennas are switched if the current sig-
nal strength of selected antenna falls below a
threshold calculated from the average value. Anten-
nas are also switched if no switching occurs during
a predetermined elapsed time. After the switch, a
measured signal strength value is compared with
the previous value and the system switches back
to the previous antenna if the previous signal
strength is higher.

U.S. Patent 5,123,029 to Bantz et al which is
assigned to the assignee of this invention, dis-
closes a hybrid controlled access and random ac-
cess schemes using frequency hopping spread
spectrum communications techngiues, and which is
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implemented in an indoor digital data radio com-
munication system between mobile stations and a
computer system. A hop in the frequency hopping
Spread spectrum, communicalion system is sub-
divided into two intervals so that different media-
access protocols can be used in each interval. The
protocol uses a centralized control scheme in one
interval and a decentralized scheme in the other,
and the intervals may be varied depending on the
load of the system. U.S. Patent 5,123,029 is incor-
porated herein by reference.

According to the present invention, both trans-
mitting and receiving antenna diversity techniques
are dynamically combined and coordinated to com-
bat the multipath fading phenomena in a wireless
radio communications system. That is, the inven-
tion is directed to a strategy for combining the use
of a selection antenna diversity technique at a
stationary unit such as a base station, and a selec-
tion or switching antenna diversity technique at a
remote station efficiently, for data packet transmis-
sion in a wireless radio communications system.

Disclosure of the Invention

In a mobilefindoor cellular radio communication
environment, antenna diversity techniques are used
at both a stationary unit such as a base station and
a mobile station in a cooperative way. A selection
antenna diversity implementation is used at a base
station where multiple antennaftransceiver branches
are available and post-detection selection can be
performed. The selection antenna diversity imple-
mentation can be used for either micro-diversity or
macro-diversity purposes. A "preferred antenna”
selection strategy is implemented at the base sta-
tion to select the transmitting antenna. The selec-
tion is based on the result of the most recent data
transmission or reception. Received signal strength
is measured at each antennaftransceiver branch
and the information is used in the selection of the
"preferred antenna”. A switching antenna diversity
implementation is-used at a mobile” station where
multiple antennas are connected by a switch to a
single radio transceiver. In this method, a "pre-
ferred antenna™ selection strategy is implemented
at the mobile to select the antenna. The selection
is based on the result of the most recent data
transmission. If the most recent transmission is not
successful, another antenna is selected as the
“preferred antenna”. The preferred antenna is used
for both transmission and data reception. A selec-
tion antenna diversity implementation may also be
used at a mobile station where multiple anten-
na/transceiver branches are available and post-de-
tection selection can be performed. A "preferred
antenna” selection strategy is implemented at the
mobile station to select the transmitting antenna.
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The selection is based on the result of the most
recent data transmission or reception. Received-
data quality is measured at each anten-
na/lransceiver branch and the information is used
in the selection of the "preferred anlenna”. Also, an
integration of both the time diversity concept and
the antenna diversity concept at both a base and a
mobile station may be utilized to select the "pre-
ferred antenna” and utilize both the reciprocal and
the quasi-static properties of a mobile/indoor radio
propagation channel.

Brief Description of the Drawings

FIG. 1 is a block diagram of an antenna
switching diversity system;

FIG. 2 is a block diagram of an antenna se-
lection diversity system;

FIG. 3 is a ‘block diagram of a stationary
station_controlier;

FIG. 4 is a flow chart of a stationary station
controller's actions upon transmission
from a base station to a mobile sta-
tion;

FiG. 5 is a block diagram of a mobile station

- controller; and
FIG. 6 is a flow chart of a mobile station

controller's actions upon transmission
from a mabile station to a base sta-
tion.

Description of the Preferred Embodiment

In the following description, the terms station-
ary unit and base station are used interchangeably.
The invention is directed to a strategy to use both
base station antenna diversity and mobile station
antenna diversity in a cooperative way in a mobile
cellular radio communication system. Two kinds of
antenna diversity techniques are considered. The
first kind of antenna diversity technique is selection
antenna diversity. By "selection antenna diversity"

it- is- meant--that -at- a -station there are several - -

separate radio transceivers connected to separate
antennas which are separated at least by a "fading
coherence distance”. The "selection” is performed
after demodulation and packet buffering when re-
ceiving a packet. This means that a station with
muttiple antennas receives multiple copies of every
packet and can choose the good one instead of the
bad ones. In the following, it is assumed that a
base station uses only selection antenna diversity.
The second kind of antenna diversity is switch-
ing antenna diversity. By "switching antenna diver-
sity” it is meant that at a station there is only one
radio transceiver and the transceiver is connected
to a switch which leads to separate antennas. In
this case, a station receives only one copy of every
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packet from its selected antenna. In the following, it
is assumed that a mobile station can use either
switching antenna diversity or selection antenna
diversity.

There are two applications of antenna diversity:
micro-diversity, in which the antennas are close
together, and macro-diversity, in which the anten-
nas are far apart. Micro-diversity combats multipath
fading; macro-diversity has a dual role in combat-
ting muhipath fading and shadowing (the situation
in which a good path does not exist due to obstruc-
tion). The antenna and radio transceiver combina-
tion at a base station can be treated as a single
unit and the unit can be deployed for either micro-
diversity or macro-diversity purpose. On the other
hand, only a micro-diversity scheme is used at a
mobile station.

The idea of using antenna diversity is that if a
signal received at one antenna is affected by mul-
tipath fading or shadowing, a signal at another
antenna may not be. This depands on the antennas
being sufficiently separated in space or orientation.
Measurements have indicated that separation by
more than half a wavelength, or orthogonal orienta-
tion, is sufficient to ensure that the received signals
be uncorrelated for achieving micro-diversity.

The following is a general description of the
invention with respect to two described Cases, with
a detailed description following.

Case |

First, a case is considered in which two-branch
selection antenna diversity (two antennas and two
radio transceivers) is available at a base station
and two-branch switching antenna diversity (two
antennas and a single radio receiver) is available at
a mobile station. The case of more than two
branches at either a base station or a mobile sta-
tion can be easily generalized from the following
discussion and is not detailed here.

In the situation where a base station has mul-
tiple diversity antennas a method must bé provided
for the use of diversity when the base station
transmits to a mobile station. The method used is
called "time diversity.” A base station maintains in
its memory a "preferred antenna" choice and up-
dates that choice as foliows:

1. When a mobile station transmits a data pack-
et to the base station, the base station records
which of its two antennas was the more suc-
cessful in receiving the packet. Here, "more
successful" means a successful reception of a
data packet with higher received signal energy.
If both receptions are unsuccessful, there is no
change of the preferred antenna. If both are
successful, the antenna with a higher received
signal energy becomes the preferred antenna. If
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only one antenna is successful, that antenna
becomes the preferred antenna.
2. When the base station transmits to the mobile
station, the base station uses the prelerred an-
tenna. This choice is sensible because the radio
channel is "reciprocal” - it looks the same from
both ends, except in.the presence of interfer-
ence, when the same frequency channel is used
for both reception and transmission and the de-
lay between the two is short with regard to the
rate the multipath channel changes.
3. When the mobile station acknowledges re-
ceipt of the packet from the base station suc-
cossfully, the base station does nothing unless
one antenna received the acknowlsedgement
more successfully, and that antenna was not the
preferred antenna. In this case, the choice of
preferred antenna is changed.
4. If the acknowledgement from the mobile sta-
tion is not received, the base station retries the
data packet on the other antenna, which now
becomes the preferred antenna. Now the base
station returns to step 3 until the retry count is
exhausted.

In the method described above, the preferred
antenna- is always chosen to be the antenna on
which the most recent transmission or reception is
successful. This is because the propagation char-
acteristics of the path may be constantly changing.
Any assumptions about which antenna should be
the preferred antenna based on information that is
more than a few milliseconds old are not likely to
be relevant.

When a mobile station transmits a data packet
to a base station, a "preferred antenna” is main-
tained and updated in the following way:

1. When the mobile station transmits to the base

station, it uses its currently preferred antenna. in
the beginning, it randomly chooses one antenna
as the preferred antenna.

2. The mobile station -listens for an acknowi-
edgement from the base station using the pre-

terred antenna. . . —

3. if the mobile statuon receives its acknowledge-
ment from the base station, it retains the current
preferred antenna. If not, it switches to the other
antenna and retries. In this case, the preferred
antenna is changed.

4. Now the mobile station returns to step 2 until
the retry count is exhausted.

Note that under this strategy, both the mobile
station and the base station may be independently
switching transmit antennas. The base station
chooses its “preferred antenna” according to the
result of either transmission or reception. On the
other hand, the mobile station chooses its "pre-
ferred antenna™ according only to the result of its
transmission. The mobile station always uses its
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"preferred antenna” in the process of receiving a
data packet from the base station.

Case ll

Now, a case is considered in which two-branch
selection antenna diversity (two antennas and two
radio transceivers) is available at both a base sta-
tion and a mobile station. The case of more than
two branches at both stations can be easily gen-
eralized and is not discussed here.

In this case, the operation of the base station
selection antenna diversity scheme is the same as
the one discussed in case I. The operation of
mobile station selection antenna diversity scheme
is analogous to the operation in the base station. A
mobile station uses and updates its "preferred an-
tenna” choice in the following way: )

1. When the base station transmits a data pack-
et to a mobile station, the mobile station records
which of its two antennas was the more suc-
cessful in receiving the packet. Here, by "more
successful” is meant a successful reception of a
data packet with higher received signal energy.
If both receptions are unsuccessful, there is no
change of the preferred antenna. If- both are
* successful, the antenna with higher received sig-
nal energy becomes the preferred antenna. If
only one antenna is successful, that antenna
becomes the preferred antenna. .
2. When the mobile station transmits to the base
station, the mobile station uses the preferred
antenna.
3. When the base station acknowledges receipt
of the packet from the mobile station success-
fully, the mobile station does nothing unless one
antenna received the acknowledgement more
successfully than the other antenna, and that
antenna was not the preferred antenna. In this
case, the choice of preferred antenna is
changed.
4. If the acknowledgement from the base station
is not -received, the mobile station retries the
data packet on the other antenna, which now
becomes the preferred antenna. Now the base
station returns to step 3 until the retry count is
exhausted.

In the detailed description that follows, it is the
case that the only indication of whether a packet
has been successfully received is determined at
the end of packet reception. The preferred means
for this indication is the success or failure of the
computation of an error-detecting code, or check-
sum. In general, this is a powerful and effective
means of determining packet reception success. It
is more direct than such means as measuring
received signal strength, because strong received
signals may be corrupted by interference or mul-
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tipath distortion.

In FIG. 1 there is shown two antennae | and 2,
an antenna switch 3, a radio transceiver 4 and a
controller 5. This illustrates "swilching diversity”, a
technique wherein signals from a plurality of anten-
nae are switched to a single radio transceiver un-
der the control of a controller. The transceiver 4
signals the controller 5 at the completion of each
packet reception. The signal indicates whether the
packet was successfully received or not. The con-
troller switches between a plurality of antennae 1,2
by controlling the antenna switch 3. In order not to
corrupt the reception of a packet, the controller
may switch antennae only between packet recep-
tions, not during the reception of a packet.

Packet transmission using switching diversity

requires the selection of the transmitting antenna
by the controller 5 controlling the antenna switch 3.
This selection must be done before the controller
initiates packet transmission and the switch setting
must not be changed until the entire packet has
been transmitted.
" In FIG. 2 there is shown two antennae 10 and
11, two radio transceivers 12 and 13, two buffers
14 and 15, a selector 17, and a controlier 16. This
illustrates "selection diversity,™ a technique wherein
independently received packets are checked for
correctness and only the correct packet is selected
by the controller for transmission to the rest of the
data communications system. The received pack-
ots are buffered in their entirety in buffers 14 and
15, respectively. The transceivers 12 and 13 signal
the controller 16 at the completion of each packet
reception. The signal indicates which, if any, of the
transceivers 12 and 13 successfully received the
packet. The controller 16 switches between the
buffers 14 and 15 to supply the correct packet to
the data communications system. _

Packet transmission using selection diversity

requires the sslection of which transceiver 12 or 13.

is to transmit the packet before packet transmission
is initiated. This selection is performed by the

" “controller 16 “using"means ‘which are described in™" =

detail later. Either or both of the transceivers may
be selected. The packet to be transmitted is loaded
into buffers 14 and 15 before transmission is ini-
tiated. In an alternative embodiment it may be
possible for both transceivers 12 and 13 to share a
single buffer for transmission.

The invention described herein consists of con-
trol means for controlling both switching and selec-
tion diversity. A given system may consist of units
with all switching diversity, all selection diversity, or
a combination of both. in the preferred embodi-
ment, stationary units such as base stations which
are used to bridge between wireless and wired
data networks use selection diversity, while mobile
units such as mobile stations use switching diver-
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sity. Again in the preferred embodiment, mobile
stations transmit only to base stations, while base
stations transmit to all mobile stations in their vi-
cinity.

In FIG. 3 is shown a base stalion controller 16
which provides signals on lines 20 and 21 for
selecting which base station transceiver 13 or 12,
respectively, is to transmit to mobile stations, sig-
nals on lines 24 and 25 to select which buffers 14
or 15, respectively, should be used for transmis-
sion to the rest of the data communication system,
and signals 22 and 23 from the base station, tran-
sceivers 12 and 13, respectively, indicating their
respective success in receiving packets. Also
shown is a preferred transceiver table 30 in the
memory of base station controller 16 which records
which transceiver is preferred for transmission to a
particular mobile station. The table 30 shows, for
example, that the preferred transceiver for transmit-
ting to mobile station 210 is transceiver 12.

When a packet is received, the base station
controller 16 receives signals on either line 22 or
line 23 or both. In response to these signals the
base station controlier 16 activates either line 24 or
25. If both line 22 and 23 are active, the base
station controlier 16 may activate either line 24 or
line 25. In general, it may not activate both lines.

Each time a packet is received, the base sta-
tion controller 16 may update the preferred tran-
sceiver table 30 of the base station controlier 16. If
only one of the base station transceivers 12 or 13
was successful in receiving the packet (only one of
lines 22 and 23 is active) the preferred transceiver
table 30 entry is checked to see if the signal
corresponds to the current preferred transceiver as
recorded in the preferred transceiver table 30. If it
does not, the preferred transceiver table 30 entry is
updated.

FIG.4 is a flow chart which shows the actions
of the base station controller 16 upon transmission
to a selected mobile station i. The base station
controller 16 first examines the preferred base sta-

“tion transceiver table 30 at block 40. If mobile

station i has not been transmitted to before, the
base station controller 16 makes a new entry into
the preferred base station table 30 at block 41 with
the mobile station number i and with a randomly
chosen preferred transceiver. The preferred base
station transceiver is chosen randomiy in order to
equalize the loading on the base station trans-
ceivers. If a specific base station transceiver were
always chosen as the first preferred base station
transceiver, that base station transceiver would be
used more frequently and might fail more often.
Once an entry is found in the preferred base sta-
tion transceiver tabie 30 that entry is accessed at
block 42 to determine the preferred base station
transceiver for transmission to the mobile station. A
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retry count is initialized to a predetermined count at
block 43 so that there is a limit on transmission
retries.

Transmission is then initialed to the mobile
stalion at block 44 using the prelerred base station
transceiver. The preferred base station transceiver
is then switched to receive mode to await an ac-
knowledgement from the mobile station at block
45. If no acknowledgement is received within a
specified time, the retry count is decremented at
block 46. If the retry count is then zero, this is
indicative that the controller 16 has attempted to
transmit to the mobile station a predetermined
number of times without success, and then returns
an indication of its failure on line 47 to the rest of
the data communication system. If the retry count
is not then zero, the base station controller 16
changes the preferred base station transceiver en-
try for the selected mobile station in the preferred
transceiver table 30 at block 48 and then returns to
block 44 and attempts retransmission with the oth-
er transceiver.

If an acknowledgement is successfully received
within a specified time as indicated at block 49, the
base station controller 16 returns an indication of
success on line 50 to the rest of the data commu-
nication system. The base station controller 16
then checks to see if the preferred base station
transceiver was either one of, or the only one to
receive the acknowledgement, as shown at block
51. If it was the only one, no further action is taken.
If it was not the only one, the base station control-
ler 16 changes the preferred base station tran-
sceiver entry in the preferred base station tran-
sceiver table 30 at block 52 for the selected mobile
station before indicating success.

It is seen that the processing at a base station
during reception, together with the processing
shown in FIG. 4 has the effect of using the base
station transceiver which was most successful in
receiving data from the selected mobile station as
the transceiver on which transmission will be first

attempted. I no acknowledgément is received, the

base station controller 16 tries either transceiver
alternately.

In FIG. 5 is shown a mobile station controller 5
with signals on lines 55 and 56 which control which
mobile station antenna 1 or 2, respectively, is se-
lected for transmission and reception, and a signal
on line 57 from the mobile station transceiver 4
indicating that the last packet reception was a
success. Also shown is a mobile station storage
means such as a register or table 58 containing the
number of the currently preferred mobile station
antenna. The currently preferred mobile station an-
tenna is antenna 1.

When a packet is received the mobile station
controller 5 transmits an acknowledgement using
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the currently preferred mobile station antenna, re-
tained in the preferred mobile station antenna reg-
ister or table 5§8. Since the only information avail-
able afier packel reception is whether the packet
was received successlully by the mobile station,
that information is not sufficient to determine
whether the packet was transmitted from the base
station, or whether the packet was noise or interfer-
ence, so the preferred mobile station antenna is not
switched at this time. '

FIG. 6 is a flow chart which shows the actions
of the mobile station controller 5 for transmission of
a packet to the base station. Transmission from a
mobile station is always to the base station. First
the preferred mobile station antenna register 58 is
inspected at block 60 to determine whether there is
a currently preferred mobile station antenna. If not,
the mobile station antenna is chosen randomly at
block 61 and its number is set into the preferred
mobile station antenna register 58. in either event a
preferred mobile station antenna is selected at
block 62. A retry count is then initialized to a
predetermined count at block 63 so there is a limit
on transmission retries, and the packet is then
transmitted at block 64. An acknowledgement is
waited for at block 65. If an acknowledgement is
received within a specified period of time, the mo-
bile station controller 5 returns an indication of
success on line 66 to the rest of the data commu-
nication system. If not, the retry count is de-
cremented and tested against zero at block 67. If
zero, the mobile station controller 5 has already
tried the maximum number of times to transmit the
packet, and returns an indication of failure to the
rest of the data communication system on line 68.
Howaever, if the retry count is not zero, the contents
of the preferred mobile station antenna register or
table 58 are changed to select the other antenna at
block 69, and a return is made to block 64, and
transmission is attempted again.

It is seen that the processing shown in FIG. 6
has the effect of using the mobile station antenna
which was most successful in recsiving the ac-
knowledgement from the base station as the mo-
bile station antenna on which transmission will be
attempted. if no acknowledgement is received from
the base station, the mobile station controller wiil
try either antenna alternately. The combination of
the processing shown in FIG. 4 for the base station,
together with the processing shown in FIG. 6 for
the mobile station, keeps using the same anten-
naftransceiver pair as long as that is the most
successful pair. The base station switches base
station transceivers if necessary on transmission.
On reception, the mobile station switches mobile
station antennas if necessary.

In an extension of the preferred embodiment, it
may be the case that mobile stations are structured
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as in FIG. 2, with selection diversity. In this case,
the function of the mobile station during packet
reception is similar to that described above for a
base station. Il one of the transceivers is successful
in receiving a packet and the other is not, the
success is recorded in the preferred antenna regis-

ter 58 of the modified controller 5. (The controller -

must be modified so as to accept signals on lines
22 and 23 and to generate signals on lines 20 and
21, and lines 24 and 25.) The function of the
mobile station is the same as depicted in FIG. 4,
excopt that it is not necessary to look up the
destination unit in a table. The preferred transceiver
register 58 contains the number of the transceiver
to be used.

in another extension of the preferred embodi-
ment, it may be the case that base station is
structured as in FIG. 1, with switching diversity. In
this case, the function of the base station for recep-
tion is similar to that described above for mobile
stations. The base station controller is similar to
that of FIG. 5, except that instead of a single
preferred antenna register 58 there must be a
preferred antenna table 30. On transmission, the
function of the base station is similar to that de-
picted in FIG. 6, except for the need to iook up the
preferred antenna in table 30, as in FIG. 4.

The invention is not limited to radio transceiver
systems, but can also be used with other wireless
data communications systems, for example infrared
systems. Such systems do not suffer from mul-
tipath-induced Rayleigh fading, but if the separate
infrared transceivers or pickups are located some
distance from each other and the mobile stations
are moving, the invention as described, chooses
the best combination of transceivers in the base
station and mobile stations.

In summary, a strategy has been described to
coordinate the use of antenna diversity techniques
at both a base station and a mobile station such
that the radio system performance degradation due
to multipath fading can be reduced in mobllef ndoor
‘cellutar radio"communications.

In the strategy, in one instance selectlon an-
tenna diversity is used at a base station where
multiple antennaftransceiver branches are available
and post-detection branch selection is performed
by the radio system controller/adapter. An anten-
naftransceiver branch is defined to be a "preferred™
one if the most recent data transmission or recep-
tion is more successful with this particular an-
tennaftransceiver branch. The preferred antenna is
always selected for next data transmission.

On the other hand, either switching antenna
diversity or selection antenna diversity can be used
at a mobile station. When switching antenna diver-
sity is used, multiple antennas are connected
through a switch to a single radio transceiver at the
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mobile station. In this situation, an antenna is de-
fined as "preferred” if the most recent.data trans-
mission through the antenna is successful. A pre-
ferred antenna is used for both data transmission
and receplion.

When selection antenna diversity is used at a
mobile station, the mobile station operates in a
similar way as the base station does. An anten-
naftransceiver branch is defined to be a "preferred”
one if the most recent data transmission or recep-
tion is more successful with this particular an-
tennatransceiver branch. The préferred antenna is
always selected for next data transmission.

By combining the independent operations of
selection antenna diversity at both a base station
and a mobile station, the best propagation path
between the two stations is selected, assuming the
multipath channel does not change faster than the
speed at which the preferred antennas are dynam-
ically chosen.

Claims

1. In a diversity transmission system for wireless
radic communications between a base station
and at least one mobile station. the combina-
tion of:
at least two antennas at each of said base .
station and said at least one mobile station for
transmission of data between the respective
stations;
means for determining which one of said at
least two antennas receives data most suc-
cessfully, with this antenna being referred to as
a preferred antenna;

a preferred antenna storage means in which is
stored indica indicative of which antenna is
determined to be the preferred antenna; and
a controller at each of said base station and
said at least one mobile station which is re-
sponsive to the indica stored in the preferred
antenna storage means for controlling the
" transmission of data between the respective
stations by selecting the preferred antenna at
the respective stations.

2. The combination claimed in claim 1, including:
means for changing the preferred antenna if an
acknowledgement of reception of data isn't re-
ceived within a predetermined time, or-if the
acknowledgement is received more success-
fully on another than said preferred antenna.

3. The combination claimed in claim 2, including:
means for updating the preferred antenna stor-
age means to reflect the change in preferred
antenna.
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The combination claimed in at least one of
claims 1 to 3, including:

means for signalling a failure when an acknowl-
edgment of reception of the data is not re-
ceived after a predelermined number of trans-
missions of the data.

A diversity transmission system for determin-
ing the best wireless communication path be-
tween at loast one base station and at least
one mobile station, comprising:

at least two base station antennas for transmis-
sion of data between said base station antenna
and said mobile station;

means for determining which of said at least
two base station antennas receives transmitted
data most successfully from said mobile sta-
tion, with this antenna being referred to as a
preferred base station antenna;

a base station storage means for storing indi-
cia indicative of which base station antenna is
determined to be the preferred base station
antenna;

means responsive to the stored indicia in said
base station storage means for selecting the
preferred base station antenna for transmission
of data from said base station to said mobile
station; )

means for changing the preferred base station
antenna if an acknowledgement of reception of
data from said mobile station is not received,
or if the acknowledgement is received more
successfully on a base station antenna other
than said preferred base station antenna;

at least two mobile station antennas for trans-
mission of data between said mobile station
and said base station;

means for determining which of said at least
two mobile station antennas receives transmit-
ted data most successfully from said base
station, with this antenna being referred to as a
preferred mobile station antenna:

"a_mobile_station 'storage means in which is

stored indicia indicative of which mobile station
antenna is determined to be the preferred mo-
bile station antenna;

means responsive to the stored indicia in said
mobile station storage means for selecting the
preferred mobile station antenna for transmis-
sion of data from said mobile station to said
base station;

means for changing the preferred mobile sta-
tion antenna if an acknowledgement of recep-
tion of data isn't received from the base sta-
tion, or if the acknowledgement is received
more successfully on a mobile station antenna
other than said preferred antenna; and

means for updating the indicia stored in said
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mobile station storage means to reflect the
change in said preferred mobile station an-
tenna.

The combination claimed in claim 5, including:
means for signalling a failure at said base
station when an acknowledgement of reception
of data is not received from said mobile station
following a predetermined number of transmis-
sions of data from said base station to said
mobile station.

The combination claimed in claim 5 or 6, in-
cluding:

means for signalling a failure at said mobile
station when an acknowledgement of reception
of data is not received from said base station
following a predetermined number of transmis-
sions of data from said mobile station to said
base station.

In a diversity transmission system for wireless
radio communications between a base station
and a plurality of mobile stations; the combina-
tion of:

at least two base station antennas at said base
station for transmission of data between said
base station and said plurality of mobile sta-
tions;

at least two base station radio transceivers
located at said base station with each such
transceiver being connected to a different one
of said at least two base station antennas;
means for determining which one of said at
least two base station transceivers receives
data most successfully from each of said plu-
rality mobile stations, with this transceiver be-
ing referred to as a preferred base station
transceiver with respect to the mobile station it
is receiving data from;

a preferred base station transceiver storage
means in said base station controller, in which
is stored indica-indicative of which base station
transceiver is determined to be the preferred
base station transceiver with respect to each of
said plurality of mobile stations;

means responsive to the stored indicia in said
preferred base  station transceiver storage
means for selecting the preferred base station
transceiver for transmission of data from said
base station to a given one of said plurality of
mobile stations;

means for changing the preferred base station
transceiver for said given mobile station if an
acknowledgement of reception of data from
said given mobile station isn't received, or if
the acknowledgement is received more suc-
cessfully on a base station transceiver other
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than said preferred transceiver;

means for updating the indicia stored in said
pretferred base station to reflect the change in
preferred antenna for said given mobile station;
at least two mobile station antennas at each of
said plurality of mobile stations for transmis-
sion of data bstween said plurality of mobile
stations and said base station;

a mobile station radio transceiver located at
each of said plurality of mobile stations, which
is selectively connected to said at least two
mobile station antennas;

means for determining which one of said at
least two mobile station antennas at each of
said plurality of mobile stations, receives data
most successfully from said base station, with
this mobile station antenna being referred to as
a preferred mobile station antenna;

a preferred mobile station antenna storage
means in which is stored indicia indicative of
which mobile station antenna is determined to
be the preferred mobile station antenna;
means, at each of said plurality of mobile
stations which is rasponsive to the stored indi-
cia in said preferred mobile station antenna
storage means for selectively connecting said
mobile station radio transceiver to the pre-
ferred mobile station antenna for controlling the
transmission of data between a mobile station

. and said base station;

means for signalling a failure at said base
station when an acknowledgement of reception
of data is not received from a given mobile
station following a predetermined number of
transmissions of the data from said base sta-
tion to said given mobile station; and

means for signalling a failure at said given
mobile station when an acknowledgement of
reception of data is not received from said
base station following a predetermined number
of transmissions of the data from said given
mobile station to said base station.

In a diversity transmission system for wireless
radio communications between a base station
and a plurality of mobile stations, the combina-
tion of:

at least two base station antennas at said base
station for transmission of data between said
base station and said plurality of mobile sta-
tions;

a base station radio transceiver which is selec-
tively connected to said at least two base
station antennas;

means for determining which one of said at
least two base station antennas receives data
most successfully from each of said plurality of
mabile stations, with this antenna being re-
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ferred to as a preferred base station antenna
with respect to the mobile station it is receiving
data from;

a prelerred base station antenna slorage
means, in which is stored indica indicalive of
which base station antenna is determined to be
the preferred base station antenna with respect
to each of said plurality of mobile stations;
means responsive to the stored indicia in said
preferred base station antenna storage means
for selectively connecting said base station ra-
dio transceiver to the preferred antenna for
controlling the. transmission of data from said
base station to teach of said plurality of mobile
stations;

means for changing the preferred base station’
antenna for a given mobile station if an ac-
knowledgement of reception of data from said
given mobile station isn't received within a
predetermined time, or if the acknowledgement
is received more successfully on a base sta-
tion antenna other than said preferred antenna;
means for updating the indicia stored in said
preferred base station antenna storage means
to reflect the change in preferred antenna for
said given mobile station;

at least two mobile station antennas at each
one of said plurality of mobile stations for
transmission of data between said plurality of
mobile stations and said base station;

a mobile station radio transceiver located at
each of said plurality of mobile stations, which
is selectively connected to said at least two
mobile station antennas;

means for determining which one of said at
least two mobile station antennas at each of
said plurality of mobile stations receives data
most successfully from said base station, with
this mobile station antenna being referred to as
a preferred mobile station antenna;

a preferred mobile station antenna storage
means in which is stored indicia indicative of

"~ which mobile station antenna is determined to

be the preferred mobile station antenna;

means at each of said plurality of mobile sta-
tions, which is responsive to the stored indicia
in said preferred mobile station antenna stor-
age means for selectively connecting said mo-
bile station radio transceiver to the preferred
mobile station antenna for controlling the trans-
mission of data between a mobile station and
said base station;

means for signalling a failure at said base
station when an acknowledgement is not re-
ceived from a given mobile station following a
predetermined number of transmissions of the
data from said base station to said given mo-
bile station; and
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means for signalling a failure at said given
mobile station when an acknowledgement is
not received from said base station following a
predetermined number of transmissions of the
dala from said given mobile station to said
base station.

In a diversity transmission system for wireless
radio communications between a base station
and a plurality of mobile stations, the combina-
tion of:

at least two base station antennas at said base
station for transmission of data between said
base station and said plurality of mobile sta-
tions;

at least two base station radio transceivers
located at said base station with each such
transceiver being connected to a different one
of said at least two base station antennas:
means for determining which one of said at
least two base station transceivers receives
data most successfully from each of said plu-
rality of mobile stations, with this transceiver
being referred to as a preferred base station
transceiver with respect to the mobile station it
is receiving data from;

a preferred base station transceiver storage
means in which is stored indica indicative of
which base station transceiver is determined to
be the preferred base station transceiver with
respect to each of said plurality of mobile
stations;

means responsive to the stored indicia in said-

preferred base transceiver storage means for
selecting the preferred base station transceiver
for transmission of data from said base station
to a given one of said plurality of mobile sta-
tions;

means for changing the preferred base station
transceiver for said given mobile station if an
acknowledgement of reception of data from
said given mobile station isn't received within a
predetermined tims, or if the acknowledgement
is received more successfully on a base sta-
tion transceiver other than said preferred tran-
sceiver;

means for updating the indicia stored in said
preferred base station transceiver storage
means to reflect the change in preferred an-
tenna for said given mobile station;

at least two mobile station antennas at each
one of said plurality of mobile stations for
transmission of data between said plurality of
mobile stations and said base station;

at least two mobile station radio transceivers
located at each of said plurality of mobile
stations with each such transceiver being con-
nected to a different one of said at teast two
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base mobile antennas;

means for determining which one of said at
least two mobile station transceivers receives
data most successfully from said base station,
with this transceiver being referred 1o as a
preferred mobile station transcsiver;

a preferred mobile station transceiver storage
means in which is stored-indica-indicative of
which mobile station transceiver is determined
to be the preferred mobile station transceiver:;
means at each of said plurality of mobile sta-
tions which is responsive to the stored indicia
in" said preferred mobile station transceiver
storage means for selectively connecting the
preferred mobile station radio transceiver for
transmission of data’ a mobile station to said
base station;

means for changing the preferred mobile sta-
tion transceiver if an acknowledgement of re-
ception of data from said base station isn't
received within a predetarmined time, or if the
acknowledgement is received more success-
fully on a mobile station transceiver other than
said preferred mobile station transceiver;
means for updating the preferred mobile sta-
tion transceiver storage means to reflect the
change in preferred transceiver:;

means for signalling a failure at said base
station when an acknowledgement is not re-
ceived from a given mobile station following a
predetermined number of transmissions of the
data from said base station to said given mo-
bile station; and

means for signalling a failure at said given
mobile station when an acknowledgement is
not received from said base station following a
predetermined number of transmissions of the
data from said given mobile station to said
base station.

A method of operating a diversity transmission
system for wireless radio communications be-
tween a base station and at least one mobile
station, with at least two antennas at each of
said base station and said at isast one mobile
station for transmission of data between each
other, with a controfler at each of said base .
station and said at.least one mobile station for
controlling the transmission of data between
each other, said method comprising the steps
of:

determining which one of said at least two
antennas receives data most successfully, with
this antenna being referred to as a preferred
antenna;

storing indica in a preferred antenna storage
device in said controller which is indicative of
which antenna is determined to be the pre-
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ferred antenna; and

selecting by said controller at each of said
base stations and said at least one mobile
station, the preferred antenna for transmission
of data, in response 1o the stored indicia in the
respective preferred antenna storage devices.

A method of operating a diversity transmission
systom for determining the best wireless com-
munications path between a base station hav-
ing at least two base station antennas and a
mobile station having at least two mobile sta-
tion antennas, said method comprising the
steps of:

determining which of said at least two base
stations antennas received transmitted data
from said mobile station most successfully,
with this antenna being referred to as a pre-
ferred base station antenna;

storing indicia in a base station storage device
which is indicative of which base station an-
tenna is determined to be the preferred base
station antenna;

responding to the stored indicia in said base
station storage device for selecting the pre-
ferred base station antenna for transmission of
data from said base station to said mobile
station;

changing the preferred base station antenna if

- an acknowledgement of reception of data is

not received from said mobile station, or if an
acknowledgement of reception of data is re-
ceived from said mobile station more success-
fully on a base station antenna other than said
preferred base station antenna;

updating the indicia stored in said base station
storage means to reflect the change in the
preferred base station antenna;

determining which of said at ieast two mobile
station antennas received transmitted data
from said base station most successfully, with
this antenna being referred. to as a preferred

...mobile 'station. antenna;

storing indicia in a mobile station storage de-
vice which is indicative of which mobile station
antenna is determined to be the preferred mo-
bile station antenna;

responding to the stored indicia in said mobile
station storage device for selecting the pre-
ferred mobile station antenna for transmission
of data from said mobile station to said base
station;

changing the preferred mobile station antenna
if an acknowiedgement of reception of data by
said base station is not received, or if an
acknowledgement is received more success-
fully on a mobile station antenna other than the
presently preferred base station antenna;
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updating the indicia stored in said mobile sta-
tion storage means to reflect the change in
preferred mobile station antenna;

signalling a failure at said base station when an
acknowledgement of reception ol data is not
received from said mobile station following a
predetermined number of transmissions of
data from said base station to said mob:le
station; and

signalling a failure at said mobile station when
an acknowledgement of reception of data is
not received from said base station following a
predetermined number of transmissions of
data from said mobile station to said base
station.
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